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(54) A field programmable gate array with Integrated debugging facilities 

(57) An emulation system is constituted wHh a phj- 
ralrty of FPGAs having on-ch'f) integrated debugging 
facilities, dtstributively disposed on a plurality of circuit 
boards. Each FPGA's on-chip integrated debugging 
facilities include in particular, a scan register for output- 
ting trace data, and comparison circuitry for generating 
inputs for a plurality of system triggem. Conespond- 
ingfy. each board is provided with a plurality of trace 
memory for recording the trace data, and summing dr- 
cuftry for generating partial sums for the triggers. TTie 
relative memory location within a dock cycle of trace 
data where the output of a LE wfli be recorded Is prede- 
terminabl& Additionally, a sydem sync memory is pro- 
vided for storing a plurality of sync patterns to tedlitate 
reoonstltution of trace data of a trace session. Lastly, the 
compilation or mapping software e enhanced to gener- 
ate a cross-reference file cross referencing each circuit 
element in a circuit design to the predeterminable rela- 
tive memory location within a dock cycle of trace 
where the trace data for the particular drcuit element 
can be found. Together, these elements alkaw fully visi- 
ble tracing to be performed ibr an enulatlon. 
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Description 

BAOKGRQUNP QF THE INVENTiQN 

1 . Field erf the Invention s 

[0001] The present Invention relates to the fields of 
field programn^e gate array (FPGA) and enujiation 
systenr^ 

10 

g. Background information 

[0002] Emulation systems for emulating circuit design 
are Iciown In the art. Typically, prior art emulation sys- 
tems are formed using general purpose FPQAs without is 
integrated debugging facilitiea A circuit design to be 
emulated is "realized** on the emulation system by com- 
piling a "formal" description of the circuit design, and 
mapping the circuit design onto the logic elements (LEs) 
of the FPGAs. 20 
[0003] These general purpose FPGAs, as far as their 
applications to emulation ^sterns are concerned, have 
a number of disadvantages. Rrstof all. the states of sig- 
nals at the nodes mapped inside the FPGAs are not 
directly observable, thus the term 'hidden' nodes. Sec- 2S 
ondly, in order to be able to observe the states of signals 
at these ^hidden" nodes, reconfiguration, and ifierefore 
extremely time consuming recompilation is required to 
bring these signals outside the FPGAs to a logic ana- 
lyzer. Thirdly, a number of the FPGA l/Os will have to be oo 
consumed lor bringing these signals to the logic ana- 
lyzer. Furthermore, the additional signals to be routed 
further ^crease signal routing congestion. Rnally. for 
timing sensitive applications. It Is difficult to know 
whether the signals at these "hidden" nodes were read ss 
at precisely the correct time or not, if the signals are to 
be read in response to the occurrence of certain events, 
since the signals have to be brought out of the FPGAs 
before the read triggering events can be detected. 
[0004] Thus, it is d^irable to have an improved FPGA 40 
with integrated debugging facilities that is more suitable 
for usage by the emulation systems. As will be 
described in more detail below, the present invention 
provides for such an improved FPGA with integrated 
debugging facilities that achieves these and other 4S 
desired results, which will be apparent to those skilled in 
the art from the description to follow. 

SUMMARY OF THE INVENTION 

SO 

[0005] An improved FPGA having integrated debug- 
ging facilities is disclosed. The inproved FPGA com- 
prises a nuni^er of enhanced logic elements (L£s) 
imerconnected to each other, prefeiat)ly. via a network 
of crossbars. Each enhanced LB comprises a multiple 55 
input-single output truth table and a complementary pair 
of master-slave latches having a data, a set and a reset 
Input, and control logic. As a result, the enhanced LE 



may be used for "level sensitive'' as well as "edge sensi- 
tive* circuit design emulations. Each enhanced 1^ fur- 
ther comprises a plurality of mullipleocors and buffers, 
allowing each LE to be individually initialized, its state to 
be froze momentarily, and the frozen state to be read or 
modified. 

[0006] Additionally, the improved FPGA is further 
comprises a complementary context bus and read^ite 
facilities for setting the enhanced LEs' Initial values, and 
for reading of their firozen states. The improved FPGA 
also comprises a scan register for outputting trace data 
for the enhanced LEs. Lastly, the improved FPGA also 
comprises a plurality of trigger circuitry for conditionally 
generating a plurality of trigger inputs. 

PRIEF PI5SCRIPTIQN OF PfyvwiNQS 

[0007] The present invention will be described by way 
of exemplary emtxxdiments, but not limitations, Illus- 
trated in the accompanying drawings in which like refer- 
ences denote similar elements, and in which: 

Figure 1 illustrates the m^yor functional btocks of 
the FPGA of the present inverrtton; 
Rgura 2 illustrates one embodiment of the LE array 
of Fig. 1 . and one emtxxllment of the enhanced LE; 
Rgure 3 illustrates one embodiment each of the 
control logic and input selector for the master-slave 
latches of Fig. 1; 

Figures 4a - 4b illustrate one embodiment of the 
Inter-LE crossbar network of Rg. 1 
Figure 5 illustratee one embodiment of the inter- 
FPGA crossbar network stageO of Rg. 1 ; 
Rgure 6 Illustrates one embodiment of the associ- 
ated readAAfrite facilities of the context bus of Rg. 1 ; 
Rgures 7a - 7b are two exemplary timing diagrams 
illustrating the reading of a value from a LE and the 
writing of a value into a LE; 
Figure 8 illustrates one embodiment of ttie scan 
register of Rg.1; and 

Rgure 9 iflustiates one embodiment of the trigger 
drcuitryof Rg. 1. 

DETAILfP DESCRIPTION OF THE INVENTION 

[0008] In the foilcwving description, for purposes of 
eiq^lanation. specific numbers, materials and configura- 
tions are set forth In oider to provide a thorough under- 
standing of the present invention. However, it wiD be 
apparent to one skilled in the art that the present inven- 
tion may be practiced without the speoTic details. In 
other instances, well known features are omitted or sim- 
plified in order not to obscure the present Invention. 
[0009] Referring now to Figure 1 , the major functional 
tslod® of improved FPGA 1 00 of the present inventton is 
illustrated. As shown, FPGA 100, which is disposed on 
a single integrated circuit (or chip), comprises an array . 
1 02 of enhanced LEs Incorporated wHh the teachings of 
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the present invention As in the prior art, the enhanced 
LEs are used to "realize' various elements of circuit 
designs, however, as will be disclosed in more detail 
below, unlike the prior art the enhanced LEs indude 
new and innovative debugging features. s 
[001 0] Additionally, FPQA 1 00 further advantageously 
Indudas on-chip context bus 1 06, scan register 1 08 and 
trigger circuitry 110. coupled to the enhanced LEs as 
shown. As will be disclosed in more detail below, con- 
text bus 1 06 is used for Inputting and outputting values io 
to and from the LEs, whereas scan register 1 08 and trig- 
ger cirojitry 110 are used to output trace data and trig- 
ger inputs for FPGA 1 00 respectively 
[001 1 ] Preferably, FPGA 1 00 includes memory 11 2 to 
facilitate usage of FPQA 1 00 for emulating circuit ts 
designs with memory. In one embodiment, memory 1 12 
is 16-bitwida Preferably, the pins 113 of FPGA 100 can 
be used for either input or output, in one embodiment. 
64 I/O pins 113 are provided to FPGA 100. Preferably. 
FPGA 100 also includes inter-LE crossbar (or x-bar) 20 
network 104 for Interconnecting the 1^, memory 112. 
and I/O pins 113, as shown. Finally, it is also preferable 
for FPQA 1 00 to include "tMO copies" of the first stage of 
a crossbar network 114a - 114b for Inter-oonneding 
FPGA 1 00 to other FPGAs and a '^ost system". 2s 
[0012] Memory 112 is well known in the art and will 
not be further described. Inter-LE crossbar network 1 04 
and thefirst stage of inter-FPQA crossbar network 114a 
- will be briefly described below. LEs, context bus 106, 
scan register 108, and trigger circuitry 110 will be so 
described In further detail below wHh additional refer- 
ences to the remaining figures. 
[0013] Before describing these elements In further 
detail, it should be noted that while for ease of esqilana- 
tksn, the present invention is being described in the con- ss 
text of emulation, however, based on the description to 
follow, a person skilled in the art will appreciate that the 
present invention may be adapted for other applications 
beside emulation systema 

[0O14] Rgure 2 illustrates one emtxxSment off the 40 
array of enhanced LEs of Flg.1 and one embodiment of 
the LEs themselves in further detail. As shown, LE array 
102 comprises a plurality of enhanced LEs 200 of the 
present invention. In one embodiment, LE anBy 102 
comprises 1 28 LEs 200. Each LE 200 includes a mutti- 4S 
pie input - single output truth table 202. a pair of master- 
slave latches 204-206. output multiplexor 208. input 
multiplexor 210. and control fogic 212, coupled to each 
other as shown. 

[0O1S] l?uth table 202 Is used to generate a predeter- so 
mined output in response to a set of inputs. For the illus- 
trated OTbodiment. truth-table 202 has 4 inputs arx:! 1 
output. In other words, depending on the irtputs. truth 
tattle 202 outputs 1 of 2^ of predetermined outputs. 
Each of master-slave latches 204 - 206 Is used to store ss 
an input value synchronously with its dock input Fur- 
thermore, each of master-slave latches 204 - 206 can 
be asynchronously forced to one or zero depending on 
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the values of set and reset For the illustrated embodi- 
ment, the set and reset inputs are provided using the 
inputs 13 and 12 of truth table 202. In other words, if 
setA'eset is used, the number of input variations that can 
be provided to truth-table 202 are reduced. AKema- 
tively. additjonal dedicated pins may be provided to pro- 
vide the set/reset signals to master-slave latches 204 - 
206, however the real estate requirement of the FPGA 
will be increased. 

[0016] Output mult^lexor 208, input nruHipleocor 210 
and control logic 212 are used to control the manner in 
which truth table 202 arKi master-slave latches 204 - 
206 are used. Output multiplexor 208 allows either the 
output of truth table 202 (by-passing master-slave 
latches 204 - 206) or the output of slave latch 208 (for 
level sensitive designs), or the output of master latch 
204 (for edge sensitive designs) to be selected for out- 
put. The by-passed output is selected if truth table 202 
Is to be used standalone. When either the output of 
master or slave latch 204 or 206 is selected, input mul- 
tiplexor 210 bWcms either the output of truth table 202, 
the feedback from output muitiplacor 208. or an input 
value on context bus 106 to be provided to master-slave 
latdies 204 - 206. The feedtaack value is selected to 
*1reeze" LE 200. and the bus value is selected to initial- 
ize LE 200. Control logic 212 controls Input multiplexor 
210 and the set and reset values provided to master- 
slave latches 204 - 208, in accofxJance to a set. a reset, 
a first and a second enable (ENAB and EN), a load 
(LOE) and a hold (HLD) value piDvided. to be described 
more folly laelow. 

[0017] Each LE 200 also includes dock selection mul- 
1^)IeKors 216a - 216c for selectively providing a number 
of emulation clocks or a debug clock (LD) to master- 
slave latches 204 - 206. Preferably, the emulation clocks 
include a "con^ructed" emulation dock using other LEs 
200. For the illustrated embodiment, this "conducted" 
emulation clock Is made available through K) of trutii 
table 202. One of the emulation clocks is provided to 
master-slave latches 204 - 206 during normal operation, 
whereas the debug clock (LD) Is provided during debug- 
ging. The dock selection is controlled by the CTX sig- 
nal. Lastiy, LE 200 also includes buffer 214a for 
outputting the selected output to inter-LE X-bar network 
104 and the on-chip debugging facilities, and kujffer 
2l4bfor outputting the selected output onto context bus 
106 for direct observation outside FPQA 100. 
[0018] In sum, truth table 202 may be used in a stan- 
dalone manner, or in oor^unction with the corresponding 
master-slave latches 204 - 206. Enhanced LE 200 Is 
suitable for level sensitive" as well as 'edge sensitive" 
drcuit design emulations. Additionally, beside the "nor- 
maT current output of truth table 202, each LE 200 can 
be individually initialized. Each LE 200 can also be 
caused to output the same output over and over again, 
as if it is frozen. Furthermore, LEs 200 are individually 
and directly cbservaUe outside FPQA 100. In other 
words, there are no "htelden nodes'*. The state of each 
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"node" is directly observable outside tfie FPGA, without 
requiring Die reconfiguration and time consuming re- 
compDaticn of circuit design mappings normally per- 
formed under the prior art 

[001 q Figure S Illustrates one embodiment each of s 
input mutliplexor 210 and control logic 212 in further 
detail. As shown, muItiple)QDr 210 comprises drivers 
211 a - 21 lc for outputting the feedback output, the out- 
put of tnjth-table 202. and the input value on oonteoct bus 
1 06 respectively, if enabled. One of drivers 21 1 a - 21 1 c io 
is selectively enabled by control signals from control 
logic 21 2. Control logic 21 2 comprises AND gates 213a 

- 213c, OR gate 215, NOR gate 217, and memory bits 
219a - 219c for generating the control signals for driver 

21 1 a - 21 1 c, as well as the set and reset values for mas- 75 
ter-slave latches 204 - 206. Memory bits 219a • 219c 
are used to store configuralion information for enabling 
the provision of the set and reset values and the selec- 
tion of the feedback output If enabled. AND gates 213a 

- 21 3b provides the set and reset values in accordance 2q 
to the set and HLD inputs, and the reset and HLD inputs 
respectively. If enabled, OR gate 21 5 in corijunclion with 
AND gate 21 3c provide the control signal for driver 21 1 a 

in accordance to the ENAB, HLD and EN inputs. NOR 
gate 217 provide the control signal for driver 211b in 25 
accordarx^e to the control signal being provided for 
driver 211a and a LDE input. l-astJy. the LDE input is 
provided as the control signal for driver 211c. 
[0020] Referring now briefly to Figures 4a - 4b, 
wherein one entbodinient of inter-LE crosGbar network so 
104 tor interconnecting the LEs. the memory and the I/O 
pins is fliusirated. As shown in Fig. 4a. for the illustrated 
embodiment, inter-LE crossbar network 104 comprises 
4 subnetworks 220. The first two subnetworks. sutsnetO 
and subnetl . are used to route 72 sigr^s. whereas the 3s 
remaining two siiinetworks, subna12 and subnet3, are 
used to rout 64 signals. More specif icany. as shown In 
Fig. 4bi Sui3nel0 is used to route the signals of LEO - 
LE39. LE119 - LE127, l/OO - 1/015 and MO - M7. 
Sitoetl is used to route the signals of LE24 - LE71. 40 
iy016 - 1/031 and M8 - M15. Subne12 is used to route 
the signals of LE56 - LE1 03. and U032 - 1/047. Subnets 
is used to route the signals of LEO - LE7. LE88 - LEI 27. 
amj l/04d - 1/063. The overlapping coverage of the LEs 
provides increased flexiUlity of signal routing for map- 4S 
ping circuit designs. 

[0021] Each sUanetwortc 220 is a three-stage Glaus 
network comprising either 9 or 8 8-to-8 crossbars 222 in 
the first stage. 8 ^to-20 or 8-to-20 crossbars 224 or 226 
In stage twcx and 20 8-to-8 crossbars 228 in stage three, so 
The stages are coupled to each other in ihe well known 
"butterfly" manner 

[0022] Referring now also briefly to Rgure 5, wherein 
one embodiment of inter-FPQA crossbar network 
stageO 114a - 114b tor interconnecting the FPQA to ss 
other FPGAs and a "hosT computer is illustrated. As 
shown, tor the illustrated ennbodiment. inter-FPQA 
crossbar network stage0 1 14a - 1 1 4b comprises 4 pairs 



of 1 6*to-1 6 crossbars 230 for coupling 64 I/O signals of 
the FPGA to the next stage of a Claus network for inter- 
connecting the FPQA to other FPQAs arxi a "host" com- 
puter 

[0023] Rgure 6 Illustrates one embodiment of the 
read^vrite faciBties associated with context bus 106 for 
reading from and writing Into LEs 200 of FPQA 1 00. As 
shown, for the illustrated embodiment, 128 LEs 200 are 
organized in 16 columns, with each column having 6 
LEs 200. Thus, all 128 LEs 200. or the current context, 
can be read or written with 16 8-bit words. Address reg- 
ister 232 is provided for storing the read or write 
address. Decoder 234 is provided for decoding the read 
or write address, which in corqunctlon with R/W control 
236 provide the appropriate read control signals {RDO - 
R015) and write control signals (LDEO - LDE15} for the 
128 LEs 200. Additionally, each LE 200 receives the 
earlier described HLD signal for "freezing" ihe LEs 200. 
the CTX signal for selecting the debug (LD) dock and 
the LO dock itself. 

[0024] Figures 7a - 7b illustrate exemplary signal tim- 
ings for reading and siting. As shown In Hg. 7&. con- 
text reading is done by first loading a 4-bit address into 
address register 232. As a result, decoder 234 causes 
R/W control 236 to drive Ihe approprierte RD signals 
high to read out the contents of the addressed LEs 200. 
(i-ILD. OTX. LDEi and LD all remain low while a read 
operation is in progress.) As shown in Rg. 7bp context 
writing Is done by first toading a 4-bit address Into 
address register 232. AddftionaOy, before decoder 234 
responds and causes R/W control 238 to drive the 
appropriate LDE signals high, IHLD is first driven high to 
freeze all LEs 200. Furthermore, CTX is driven high to 
select debug dock LD for each LE 200. TTien, when 
R/W control 236 drives the appropriate LDE signals, 
values on context bus 106 are loaded Into Ihe 
addressed LEs 200. It is inportant to freeze all LEs 200 
during a context writing. Iracause partial context oouU 
induce temporary states, which oouki in turn put an 
emulatfon system into an unknown state. f=br example, 
the final contaxt may drive a given RESET signal to the 
low state, but the partial context (during the writing oper- 
atton) may induce a temporary high state on the RESET 
signal, thus unpredictably resetting an the latches con- 
nected to the signal. 

[0025] Rgure 8 IHustrates one embodiment of scan 
register 108 for oulputting trace data. As shown, for the 
illustrated emtxx:llment scan register 106 comprises 16 
sets of 8 flip<flops 242, and 15 sets of 8 multiplexors 
244, disposed in between flip-fbp sets 242. Flip-flop 
setO 242 is coupled to a first group of 8 LEs 200. Multi- 
plexor setO 244 is coupled to fEp^lop setO 242 and a 
second group of LEs 200. Fllp-fiop setl 242 is coupled 
to multiplexor setO. and so forth. Fip4lQp setO 242 
sequentially receives and propagates the outputs of the 
first group of 8 LEs 200. Multiplexor setO 242 either seri- 
ally provides the outputs of flip-flop setO 242 or the out- 
puts of the second group of 8 LEs. FOp-f lop setl 242 In 
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turn sequentially propagates the inputs it received from 
multiplexor setO 244. Flip-flop sets 242 are controlled by 
a scan clocK whereas, muftiplaxor sets 244 are control- 
led by a scan control signal. Thus, by applying a scan 
clock having ttie appropriate divided frequency (relative s 
to the operating emulation dock), and selectively apply- 
ing the approprnte scan control signal to the muHiplexar 
sets 244. a snapshot of 128 L£& at a particular dock 
cyde can be sequentially scanned out of FPQA 100. 
[0026] Rgure 9 illustrates one embodiment of trigger lo 
circuitry 1 1 0 for outputting trigger inputs. As shown, for 
the illustrated embodiment, trigger circuitry 110 com- 
prises 4 comparator-register circuits 260 for generating 
4 trigger Inputs, one from each comparator-register dr- 
cuft 260. Each comparator-register circuit 260 indudes rs 
a register 262 for storing a signal pattern, and an equal- 
ity comparator 264 for comparing the outputs of the LEs 
to the stored content of pattern register 262. In one 
embodiment, the signal pattern comprises 2-bits per U£ 
200, allowing the values of High, Low, or Don't Care to 20 
be encoded. An Input to a trigger outside FPGA 100 Is 
generated whenn/er the stored pattern is detected. In 
other words, for the illustrated embodiment, 4 LE inter- 
nal state events can be monitored simultaneously. 
[0027] Thus, an improved FPGA with integrated 25 
debugging facility that is particularly suitable for emula- 
tion systems has been descn'bed. While the method 
and integrated circuit of the present invention has been 
described In terms of the above iltustrated embodi- 
ments, those skilled in the art win recognize that the 30 
Invention Is not limited to the embodiments described. 
The present invention can be practiced with modifica- 
tion and alteration within the spirit and scope of the 
appended dalms. The description is thus to be 
regarded as Qlustrative instead of restrictive on the 3s 
present invention. 

Claims 

1 . A single integrated circuit comprising 40 

a plurality of logic elements (LEs) for generat- 
ing a plurality of output signals in response to a 
plurality of input signals correspondingly 
applied to the LEs, each of the LEs being 45 
equipped to hold constant the LE*s output sig- 
nal on demand: 

a oontaxt txjs coupled to the LEs Ibr outputting 
bvlividual signal state values of the LEs out of 
the integrated drcuit and for Initializing the LEs so 
with individual signal state values provided to 
the integrated drcuit while the output signals of 
the L£s are being heM oonstant; and 
readAwrite control drcuHry coupled to the LEs 
and the oontaxt tsus for oontrdling said output- sb 
ting off individual signal state values of the LEs 
and said initializing of the LEs with individual 
signal state values. 



2. The integrated drcuit as set forth in daim 1, 
wherein the integrated drcuit further comprises a 
sc^n register coupled to the LEs for serially captur- 
ing and outputting a trace record of all signal state 
values of the LEs in a particular dock cycle of an 
operating clock outside the integrated craiit, the 
scan register being provided with a scan dcd( 
appropriately scaled to the operating cfock. 

3. The integrated circuit as set forth In anyone of 
claims 1 or 2, wherein the integrated circuit further 
comprises trigger circuitry coupled to the LEs for 
condftionaOy generating at least one trigger value 
depending on the signal state values of the LEs. 

4. The integrated circuit as set forth in daim 3, 
wherein the trigger circuitry conrprises 

a first register for storing a first trigger pattern; 
and 

a first comparator coi^sled to the LEs and the 
first register for concfilfonally generating a first 
trigger value if signal state values of the LEs 
matoh the stored first trigger pattern. 

5. The Integrated circuit as set forth in anyone of 
daims 1 to 4, wherein 

each LE fiirther indudes a multlpla Input-sfrigle 
output truth table (202) for generat^HI a first 
intermediate output signal In response to a first 
setoff input signals; 

a first selector (210) coupled to the truth table 
and the context bus for selecting either the first 
intermediate output signal, the output off the LE 
fedback to the first seledor, or a predesignated 
bus signal on the context kxjs, and outputting 
the selected signal; and 
a first control drcuit coupled to the ffirst selector 
for controlling the ffirst selector. 

6. The integrated circuit as set forth in claims 5, 
wherein each LE further oorrfsrises 

a pair of master-slave latches, each having a 
data input a set irput. and a reset input, cou- 
pled to the first selector for generating a sec- 
ond and a third Intermediate output signal in 
response to the data, set, and reset inputs, the 
seleded and third intermediate output signals 
being provided as data inputs to the master 
and slave latches respectively; 
a second control drcuit ooupled to the pair of 
master-slave latches for providing each off the 
master and slave latches wHh a set and a reset 
value; and 

a second seledor coupled to the truth table andi 
the master-slave latches for selecting either the 
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fust, second or third intermectiatd output signal 
as the output signal of the LE. 

7. The integrated drcuit as set forth in claim 6. 
wherein each LE fiirther oonprises a tsuffer coupled s 
to the second selector for outputting the output sig- 
nal of the LE onto the context t)us. 

8. The Integrated circuit as sat forth in anyone of 
claims 6 or 7, wherein the second control circuit io 
compriseG a first and a second AND gate tor receiv- 
ing a first and a secorxi plurality of input control sig- 
nals, and in response, generating the set and reset 
values for the master and slave latches respec- 
tively. 75 

9. The integrated circuit as set forth in anyone of 
claims 6 to 8, wherein the LE further comprises a 
third selector for selectively providing either an 
emulation clock or a detxjgging clock to the master 2o 
and slave latches. 

10. The integrated circuit as set forth in claim 9, 
wherein the LE further comprises a fourth and a 
fifth selector for selectively providing one of a plural- 25 
ity of clocks to the third selector as the emulation 
dock. 



ating dock outside the integrated circuit, the scan 
register comprising n sets of flip-flops and (n-1) 
sets of multiplexors seriaiiy ooupied to each other 
with the (n-1) sets of multiplexors interposed in 
between the n sets of flip-fiops. each of the (n-1) 
multiplexor sets and a first of the n f lip-f fop set being 
also omaspondingly ooupied to 1/n of the LEs. and 
the scan register being provided with a scan clock 
appropriately scaled to the operating clock, and 

trigger circuitry coupled to the LEs for condi- 
tionally generating at least one trigger value 
depending on the s^r^ state values of the 
LEs. 

1& The integrated drcuit as set forth in daim IS, 
wherein the trigger circuitry comprises 

a first register for storing a first trigger pattern; 
and 

a first comparator ooupied to the LEs the first 
register for conditionally ganerating a first trig- 
ger value if signal state values of the LEs match 
the stored first trigger pattern. 

16. TTie Integrated circuit as set forth in anyone of 
daims 14 or 15, wherein 



11. The integrated circuit as set forth In anyone of 
daims 5 to 10, wherein the first contrd circiflt conv so 
prises an OR gate and an AND gate serially cou- 
pled to the OR gate for receiving a plurality of input 
control signals, and in response, generating an out- 
put control signal tor causing the first selector to 
select the output signal of the LE f edback to the first ss 
selector. 

12. The Integrated circuit as set forth in anyone of 
claims 5 to 1 1 . wherein the first contrd circuit com- 
prises a NOR gate for receiving a plurality of input 4o 
control signals, and in response generating an out- 
put control signal tor causing the first selector to 
select the first intermediate output signal. 

13. The integrated circuit as sat forth in anyone of 45 
claims 5 to 1 2, wherein the control circuit receives a 
load contrd signal, and in response, output the load 
oontrol signal for the first selector for causing the 
first selector to select the predeslgnated bus signal 
onthacontflKtbus. so 

14. A single integrated drcuit comprising a plurality of 
togic elements (LEs) for generating a plurality of 
output signals in response to a plurality of input sig- 
nals correspondingly applied to the LEs. and a scan ss 
register coupled to the LEs for serially capturing 
and outputting a trace record of all signal state val- 
ues off the LEs In a particular dock cyde of an opar- 



each LE further Includes a multiple input-single 
output truth table for generating a first interme- 
diate output signal In re&ponse to a first set of 
input signals; 

a first selector coupled to the truth table and the 
context bus tor selecting either the first interme- 
diate output sigr^i, or the output of the LE fed- 
back to the first selector, and outputting the 
selected signal; and 

a first oontrol circuit ooupied to the first selector 
for controlling the first selector. 

17. The integrated drcuit as set forth in daim 16, 
wherein each LE further comprises 

a pair of master-elave latches, each having a 
data Input, a set input and a reset Input, cou- 
pled to the first selector for generating a sec- 
ond and a third intennediate output signal in 
response to the data, set, and reset inputs, the 
selected and third ontermedlate output signals 
being provided as data inputs to the master 
and slave latches respectively; 
a second control circuit coupled to the pair of 
master-slave latches tor providing each of the 
master and slave latches with a set and a reset 
value: and 

a second selector ooupied to the truth table and 
the master-slave latehes for selecting either the 
first second or third intermediate output signal 
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as the output signal of the LE. 

18- The irrtegrated circuit as set forth in claim 18. 
wh&eln the LE further comprises a third selector 
tor selectively providing either an enriulation dock or s 
a debugging clock to the rraster and slave latches. 
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